1. Drought can strongly modify plant diversity and ecosystem processes. As 19 droughts are expected to intensify in the future, it is important to better 20 understand plant responses to drought. We expect that roots traits constitute an 21 overlooked but powerful predictor of plant responses as roots are in direct 22 contact with the soil environment, taking up nutrients and water. 23 2. Here, we determine which root traits are sensitive to drought, the magnitude of 24 that response, whether their predictive power and relationships with shoot 25 biomass are affected by drought and whether all these responses depend on 26 plant functional group. To do so, we conducted a glasshouse experiment with 24 27 plant species grown in pots (10 replicates per species), which represent three 28 different functional groups: grasses, herbs and legumes. All replicates were well 29 watered during the first month and then half of the replicates were kept under 30 drought (30 % water holding capacity (WHC)) with the other half serving as 31 control (kept at 70% WHC). After two months of the treatment, leaf and root traits 32 were measured.
INTRODUCTION 53
Plant traits provide a means of explaining the role of plant diversity in ecosystem 54 functioning. Given this explanatory power, there has been a lot of interest in measuring functional groups have been adopted by modelers to represent broad groupings of plant 87 species that share similar characteristics and roles in ecosystem function (Wullschleger 88 et al. 2014) . In fact, the use of plant functional groups has proven to be an efficient way 89 to model how drought modifies plant communities and how that change feedback on the 90 local environment both in current and future climates (Wilson et al. 2018 ). Fast growing 91 species, such as many grasses, which tend to exhibit traits linked with an acquisitive 92 strategy (high SRL, SRSA and low diameter) (Ravenek et al. 2016) , would modify root 93 traits in a way to overcome drought, although it has been found that some herbs plants 94 also exhibit a similar strategy (Comas et al. 2013) . 95 The mechanisms plants have evolved to cope with drought can be categorized into 96 dehydration escape, dehydration avoidance, dehydration tolerance, dormancy, and 97 desiccation tolerance (Volaire 2018) . Dehydration avoidance relies on mechanisms that 98 maintain the plant's water status by decreasing water loss through reduced stomatal 99 conductance and restrict shoot growth, or by maintaining water uptake through 100 physiological, biotic or root morphological adjustments (Brunner et al. 2015) . seeds with 10% sodium hypochlorite for 5 min and 75% ethanol for 2 min and then 156 thoroughly rinsed with sterile water. Then, seeds were germinated in trays with sterile 157 sand and transplanted into deep pots (11 cm diameter, 30 cm height) five days after 158 germination. Pots were filled with 3 L of soil and one individual seedling per plant 159 species was planted into the center of each pot (for a total of 10 replicate pots per plant 160 species).Thus, this experimental design included twenty-four plant species x two water 161 treatments x five replicates = 240 pots. Plants that died during the first two weeks were 162 replaced. 163 All plants were well-watered during the first month of growth. Then, half of the 164 pots (i.e. 5 replicates of each plant species) were kept under drought treatment by 165 maintaining 30% water holding capacity (WHC) while the other half were maintained as 166 control at 70% WHC for two months. Pots were weighed every two days and their 167 moisture content adjusted gravimetrically with an accuracy of ± 0.5 g to keep them at 168 their respective WHC during two months. All pots were randomly distributed in the 169 chamber and their position shifted twice to homogenize environmental conditions during 170 the experiment. 171 At harvest, we clipped the plant aboveground material while the belowground 172 compartment, consisting of both soil and roots, of each pot was divided into three 173 sections every 10 cm of depth (upper, middle and bottom sections). The soil and roots 174 from these sections were pre-dried at 27 ºC in an incubator for three weeks to stabilize 175 samples. After that, we first collected roots by hand. Then, we spread the soil on a filter 176 paper to capture small and fine roots (less than 1 mm) by electrostatic. This was done 177 by manually collecting root pieces attracted to an electrostatically charged polyethylene 178 plate (we charged the plate by means of intensive rubbing for 4-5 seconds on a 179 stretched wool fabric) in order to ensure the capture of all fine roots. We used this 180 capture method on dried root sample for two reasons. First, this method allows for 181 better recovery of fine root pieces (as opposed to root washing techniques where small 182 and fine roots are easily lost). Second, it allows fast storage of root sample until further 183 processing (see below). This latter point was important because given the large amount 184 root samples it was not feasible to measure root traits on fresh samples without risking 185 root degradation. Instruments Inc., Quebec, Canada). We focused our analysis on the middle section of 193 the soil because we did not find differences in root traits due to root section (e.g.,
194
Anthoxanthum, Daucus). This method provides accurate and unbiased root trait values 195 as shown in previous studies that report high linear correlations (Pearson's r = 0.93) 196 between root traits measured on fresh and rehydrated material of these species Aboveground traits. We also measured specific leaf area (SLA) and leaf dry 201 matter content (LDMC) following standard protocols (Cornelissen et al. 2003) .
202
Chemical and physical traits. We measured soil, leaf and root C and N contents 203 with an Elemental Analyzer (EuroEA, HekaTech, Germany). Soil temperature (Hobo 1- Then, we used linear models to determine which plant traits significantly responded to 215 drought treatment and whether such responses were consistent across plant species. 216 We use a two-way ANOVA that reflected our full factorial design with water availability 217 (drought and non-drought), plant species (i.e., 24 species) and their interactions, 218 considered as fixed factors on each plant trait separately. We include in our models the 219 correlation among species within each functional group by using the correlation 220 structure function (corSymm) and soil temperature as covariate. Leaf (shoot mass, SLA,
221
LDMC, leaf C and N) and root traits (root average diameter (RAD; mm), root tissue 222 density (RTD; root dry weight per volume mg cm -3 ), specific root length (SRL; cm mg -1 ), 223 specific root surface area (SRSA; cm 2 mg -1 ), root to shoot ratio, total root mass, root C 224 and N) were transformed to meet homoscedasticity and normality assumptions. In terms of leaf traits, ordination by PCA showed a clear separation between 256 grasses and herbs/legumes (Fig 1a) , with the first two axes explaining 61.7 % of the 257 total variance under non-drought conditions. Contrary to expectations, grasses, also 258 known as "fast growing species" showed a higher shoot mass, leaf dry matter content 259 but a lower SLA and leaf N than the other two plant functional groups. In terms of root 260 traits, PCA showed a clear and better separation between plant functional groups 261 compared to leaf traits (Fig. 1b ). The first two axes explained 70.4 of the total variance 262 under non-drought conditions. Grasses showed greater SRL and SRSA but a smaller 263 root diameter and RTD in comparison with herbs and legumes. Legumes showed a 264 higher root N content and a lower root mass production than grasses and herbs 265 266 Root trait responses to drought are more heterogeneous than leaf trait responses 267 Although both leaf and root traits values were affected by drought, species 268 identity and their interaction (Table 1 , S1, S2), the relative interaction index (RII) of leaf 269 traits was homogenously negative across plant species (Fig. 2) . That is, shoot mass, (Fig. 2k ). Root C was higher under drought for most herbs, but a contrary 288 pattern was found in Poa (Fig. 2l ). Root N was higher under drought for some grasses, 289 and some herbs as Rumex or Daucus but it was lower for most herbs species as Silene, 290 Ranunculus, Hieracium or Achillea (Fig. 2m ).
292
Root trait response to drought depended on plant functional group 293 Root trait response to drought was influenced by plant functional group (Table   294 S3, Fig. 3 ). Root diameter was greater under drought relative to non-drought for most 295 species, but it was highly evident for grasses and herbs ( Fig.3a ). Root mass was lower 296 under drought, especially for legumes ( Fig. 3b) ; while SRSA and SRL were lower under 297 drought for most herbs (Fig. 3 c, d) . Interestingly, contrary to herbs, higher SRSA under 298 drought was common for most grasses (Fig. 3c ). Root tissue density was low for herbs 299 and grasses ( Fig. 3e ), while root:shoot ratio increased with drought for herbs ( Fig. 3f ) A 300 summary of the leaf and root trait response is shown in Figure 4 . variability under drought than under non-drought for most of the traits (Fig. S1) . In 317 addition, we found a greater correlation between root traits and shoot biomass under 318 drought, than under non-drought conditions (Fig. S2 ). For instance, R 2 increased from 319 0.05 in non-drought to 0.12 in drought, for RAD, (Fig. S2a) . A similar pattern was found 320 for RTD, SRL and SRSA (Fig. S2 b-d) . Pearson correlation between shoot mass and 321 root traits was higher under drought than under non-drought conditions (Table S4 ). Root 322 traits that better predicted shoot mass were root diameter, SRL and SRSA, especially 323 under drought conditions (Table 2) .
324
In addition to plant traits, soil nutrients were analyzed (Table S5 ). We found that 
332
Our results show that PES may depend on the plant functional group. We observed a 333 strong relationship between "fast" traits, such as SLA and leaf N, which are linked with 334 the photosynthetic rate and with a rapid acquisition of key resources (Grime et al. 1997) , 335 but these 'fast' traits were more associated with herbs and legumes than with the "fast 336 growing" grasses species. However, in terms of the RES, 'fast' root traits, such as SRL 337 and SRSA, were highly associated with grasses, more so than with herbs or legumes.
338
Under drought conditions, similar patterns than under non-drought were found (Fig. S3) . shown that root mass turned out to be far more important than morphological traits 364 under stressful conditions (e.g., nutrients and light), but see Poorter and Ryser (2015) . 365 Our results evidence that the change in root biomass allocation or root morphological 
392
However, whether the increase in root diameter due to drought is directly linked with an 393 accumulation of NSC remains to be tested. In summary, building thick roots with high 394 SRSA appears to be a key strategy for grasses to tolerate drought. Studies that 395 included a couple of grasses (i.e., Anthoxanthum and Dactylis) which showed a higher 396 diameter with drought (de Vries, Brown & Stevens 2016), agree with the common 397 pattern we found for grasses.
398
In herbs, on other hand, their low SRSA and SRL values indicate that this 399 functional group reduces the amount of fine roots. In fact, our results showed that length 400 of roots with a diameter lower than 0.1 mm was lower under drought than under non-401 drought conditions (Fig. S3 ). This response can be interpreted as a drought coping 402 mechanism when taking into consideration water flow dynamics. On the one hand, as 403 soon as water availability decreases, the turgor potential of the plant cells diminishes; 404 as a consequence, many turgor-driven processes, such as root elongation, slow down (Zufferey et al. 2011 ). This process follows the "hypothesis of hydraulic 408 segmentation", which states that distal organs, in our case fine roots, are more 409 vulnerable to embolisms (Zimmermann 1983) . The reduction in fine absorptive roots 410 also could explain the decrease in root and leaf N under drought conditions. In addition, 411 we did not find any difference in soil N between drought and non-drought treatments, 412 contrary to de Vries, Brown and Stevens (2016), who found differences in dissolved 413 organic N for the herb Rumex. It seems that herbs were no able to take up this nutrient Finally, legumes reduced root biomass but did not alter root morphological traits 428 or root carbon allocation in response to drought. Reduction in root biomass may be 429 because legumes were dying from hydraulic failure or because they prefer to invest 430 more to photosynthetic or reproductive tissues. We observed an early flowering under 431 drought (e.g., Trifolium had 2 ± 1.2 flowers under drought vs 0 flowers under non-432 drought, after 1 week with drought) which is a well-known drought escape mechanism in 433 plants (Shavrukov et al. 2017 ). In addition, it has been suggested that a decrease in 434 root biomass would increase soil N because of the reduction in N root uptake (de Vries, 435 Brown & Stevens 2016), but we found the opposite pattern: a decreased root biomass 436 in legumes linked with a decrease in soil N and a trend to increased root N content.
437
Plants can adjust their uptake kinetics to compensate and facilitate N uptake (Bassirirad found in a variable range of environments (i.e., Trifolium). 454 We conclude that root trait responses to drought depend on the plant functional 455 group while leaf traits response is consistent across functional groups. Grasses develop 456 thicker, which would allow for a greater nutrient and water acquisition through Table 1 . Results from general linear models on leaf and root traits response to water availability (i.e., drought). Leaf dry matter content (LDMC), specific leaf area (SLA), root average diameter (RDA), Root tissue density (RTD), specific root length (SRL), specific root surface area (SRSA). Plant species (Ps), water availability (Wa) and their interactions were considered as fixed factors (table above) 
